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Purpose: This study was performed to evaluate the quality of sleep in snoring obese children without obstructive 
sleep apnea (OSA); and to study the possible relationship between sleep interruption and gastroesophageal reflux 
(GER) in snoring obese children.
Methods: Study subjects included 13 snoring obese children who were referred to our sleep lab for possible sleep-dis-
ordered breathing. Patients underwent multichannel intraluminal impedance and esophageal pH monitoring with 
simultaneous polysomnography. Exclusion criteria included history of fundoplication, cystic fibrosis, and infants un-
der the age of 2 years. Significant association between arousals and awakenings with previous reflux were defined 
by symptom-association probability using 2-minute intervals.
Results: Sleep efficiency ranged from 67-97% (median 81%). A total of 111 reflux episodes (90% acidic) were de-
tected during sleep, but there were more episodes per hour during awake periods after sleep onset than during sleep 
(median 2.3 vs. 0.6, p=0.04). There were 279 total awakenings during the sleep study; 56 (20.1%) of them in 9 patients 
(69.2%) were preceded by reflux episodes (55 acid, 1 non-acid). In 5 patients (38.5%), awakenings were significantly 
associated with reflux.
Conclusion: The data suggest that acid GER causes sleep interruptions in obese children who have symptoms of 
snoring or restless sleep and without evidence of OSA. 
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INTRODUCTION
In the United States, obesity affects up to 17% of 
children. In the past decades, the prevalence has ris-
en from 7% among children aged 6-11 years in 1980 
to nearly 18% in 2012, and from 5% among adoles-
cents aged 12-19 years to nearly 21% over the same 
period [1,2]. Obesity is associated with significant 
short and long-term morbidity, including car-
diovascular disease (relative risk 1.24, 95% con-
fidence interval [CI] 1.02-1.55) [3], type II diabetes 
(relative risk 5.4, 95% CI 3.4-8.5) [4], dyslipidemia 
(elevated low density lipoprotein cholesterol, re-
duced high density lipoprotein cholesterol, elevated 
triglyceride levels; relative risk ranging from 1.8 
[95% CI 1.4-2.3] to 3.0 [95% CI 2.4-3.8]) [4], hyper-
tension (relative risk 2.7, 95% CI 2.2-3.3) [4], and 
obesity-related cancer (relative risk 1.9, 95% CI 
1.4-2.7; esophagus, pancreas, colorectal carcinoma, 
and kidney) [5]. Obesity has also been shown to be 
associated with sleep-disordered breathing (SDB), 
ranging from snoring to severe obstructive sleep ap-
nea (OSA) [6]. SDB has been linked to increased air-
way resistance secondary to fatty infiltration of the 
pharynx and to adenotonsillar hypertrophy [7]. OSA 
occurs in about 36% of obese children and correlates 
with the severity of obesity [8]. Fragmented sleep is 
associated with impaired daytime function, poor 
academic performance, mood disorders and behav-
ior problems [9]. The effect of obesity on the amount 
of nocturnal sleep and its continuity is currently un-
clear [10,11]. 
A higher prevalence of gastroesophageal reflux 
disease (GERD) and its complications have also been 
reported in obese patients [12]. The association of 
obesity and gastroesophageal reflux (GER) is re-
ported with an odds ratio of 7.3 (95% CI 1.7-31.0) 
[13-15]. In adults, an epidemiological link between 
sleep disorders and GERD has been established. 
Among 15,699 patients evaluated for sleep dis-
turbances, approximately 25% reported heartburn 
and OSA. A higher body mass index was a significant 
risk factor associated with heartburn [16]. Night-
time heartburn, in particular, has a significant im-
pact on sleep quality and daytime function [17]. 
During sleep, there are a decreased number of reflux 
episodes due to inhibition of transient lower esoph-
ageal sphincter (LES) relaxation [18,19]. However, 
clearance of a reflux episode during sleep is slower 
due to reduced saliva production, the absence of re-
sultant swallows due to saliva accumulation in the 
back of the throat, and subsequent swallow-induced 
primary peristalsis [18,19]. Additionally, esophageal 
sensitivity to acid perfusion is enhanced following a 
nocturnal sleep interruption in GERD patients com-
pared with healthy controls [20]. Patients with more 
severe erosive esophagitis also have increased esoph-
ageal acid exposure during sleep compared to pa-
tients with milder esophagitis [21]. 
Little is known about the relationship between 
GERD and quality of sleep in obese children. The 
aims of this study were to evaluate the quality of 
sleep in obese children without OSA and to study the 
possible relationship between the quality of sleep 
and GER in obese children.
MATERIALS AND METHODS
Study population
We prospectively evaluated 13 obese patients who 
were referred to our pediatric sleep center for poly-
somnography (PSG) with combined esophageal pH 
monitoring–multichannel intraluminal impedance 
(EPM-MII) after being off acid suppression medi-
cations (5-7 days for proton pump inhibitors and 3 
days for prokinetics). Exclusion criteria included a 
history of fundoplication, cystic fibrosis, and age 
younger than 2 years. 
The study protocol was approved by the Institutio-
nal Review Board at Nationwide Children’s Hospital 
(Columbus, OH, USA) (IRB No. 07-00385). 
Polysomnography 
The studies were performed in the Sleep Laboratory 
at Nationwide Children’s Hospital with simulta-
neous EPM-MII (with no sedation or sleep depriva-
tion) for 7 to 10 hours. Electrodes were applied for 
electroencephalograms (C4/A1, O2/A1), electro-ocu-
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lograms, submental electromyograms (EMG), tibia-
lis anterior EMGs, and electrocardiograms. Respit-
race bands were placed across the thorax and abdo-
men to measure chest and abdominal wall move-
ments. Nasal pressure transducer, oro-nasal ther-
mister and end-tidal PCO2 cannulas were used to de-
tect airflow, and a Massimo pulse oximeter was used 
to continuously measure blood oxygen saturation 
(SaO2). During the PSG, patients were continuously 
video-recorded using an infrared video camera, and 
continuously observed by a PSG technician who re-
corded events of interest. Data were recorded con-
tinuously on a Grass computerized PSG system, with 
all data synchronized using the smart meter. There 
were no restrictions to eating before testing. Chan-
ges in sleep position, meal compositions and times 
were recorded in a log book.
Sleep stages and arousals were scored as recom-
mended by the American Academy of Sleep Medi-
cine (AASM) [22,23]. Arousals were registered dur-
ing sleep stages N1, N2, N3 or rapid eye movement 
sleep (REM) when there was an abrupt shift of EEG 
frequency including alpha, theta, and/or frequencies 
greater than 16 Hz (but not spindles) that lasted at 
least 3 seconds, with at least 10 seconds of stable 
sleep preceding the change. Scoring of arousal dur-
ing REM required a concurrent increase in sub-
mental EMG lasting at least 1 second. The arousal in-
dex was the number of arousals per hour of sleep. 
The following definitions were used: 
ㆍObstructive apneas: chest/abdominal wall mo-
tion with an absence or reduction of airflow by 
90% for ≥2 breaths.
ㆍCentral apneas: absence of chest/abdominal 
wall motion and airflow for ≥2 breaths.
ㆍHypopneas: reductions in airflow by ≥50%, in 
the presence of chest/abdominal wall motion, 
and associated with SaO2 desaturations (≥3%), 
arousals or awakenings.
ㆍApnea/hypopnea index (AHI): the number of 
apneas (central and obstructive) and hypo-
pneas per hour of sleep.
ㆍDesaturation: drops in oxygen saturation of ≥3% 
of baseline.
ㆍSleep efficiency: the time spent asleep (total 
sleep time) divided by the time period between 
lights off and lights on (total recording time).
ㆍWakened after sleep onset (WASO): the dura-
tion of waking time after initial sleep onset and 
before the final awakening.
The SaO2 nadir and the percentage of sleep during 
which SaO2 was less than 90%, were also tabulated.
EPM-MII 
The catheter was placed so that the pH electrode 
was positioned above LES by 13% of the total dis-
tance between the nostrils and the LES [24]. Patients 
were allowed to have one meal during nighttime and 
meal composition was recorded in a log book. Symp-
toms including cough, stridor, drooling, choking, 
gagging, and vomiting, were registered in the im-
pedance logger and in the log book. Symptoms were 
recorded by patient’s caregiver, who was also ori-
ented to push symptom’s buttons on the device. 
Also, a parallel record was generated by a technician 
who followed the examination.
The following definitions were used: 
ㆍGER: a drop in impedance to ≤50% from base-
line occurring in the retrograde direction in two 
or more of the distal-most impedance channels.
ㆍAcid reflux episode (AGER): a GER episode 
(lasting ≥5 seconds) during which the pH 
dropped to below 4. 
ㆍNon-acid reflux episode (NAGER): a GER epi-
sode during which the pH remained ≥pH 4.
ㆍAbnormal distal esophageal acid exposure: ＞7%.
Reflux episodes were characterized by their chem-
ical content (acid/non-acid), duration of bolus con-
tact (impedance), and chemical clearance (for acid 
episodes). 
Statistical analysis 
The relationship between a symptom and GER 
was evaluated by the symptom association proba-
bility (SAP). For the SAP, the study duration is div-
ided into multiple time epochs, and the occurrence of 
the event (symptom, arousal and awakening) or 
GER episode is evaluated in each epoch. A con-
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Table 1. Demographic and Clinical Data of 13 Obese Patients 
Referred to PSG with Simultaneous EPM-MII
Variable Data
Male sex 6 (46.2)
Age (yr) 13.4 (10.8-16.4)
Body mass index (kg/m2) 32.9 (28.4-47.9)
Indication for PSG with EPM-MII*
  Snoring 11 (84.6)
  Restless sleep 2 (15.4)
  Apneas 2 (15.4)
  Cough 1 (7.7)
  Dyspnea 1 (7.7)
  Night desaturations 1 (7.7)
Co-morbidities
  Asthma 5 (38.5)
  Systemic lupus erythematosus 1 (7.7)
  Traumatic brain injury 1 (7.7)
Values are presented as number (%) or median (interquartile 
range).
PSG: polysomnography; EPM-MII: esophageal pH monitoring–
multichannel intraluminal impedance.
*More than one indication per patient. 
tingency table is then constructed with cells corre-
sponding to the presence and absence of the event 
and reflux episode(s). The Fisher’s exact test is then 
computed and the SAP is defined as (100×[1−
p-value]). A SAP ＞95% is considered positive, defin-
ing a significant relationship between the event and 
GER. Reflux-association probability (RAP) was cal-
culated using the same technique to identify a sig-
nificant relationship between GER and preceding 
arousals. Symptom index was defined by the pro-
portion of symptoms that were temporally related to 
GER episodes.
For respiratory events (cough), SAP calculation 
was performed with 5 minute windows, with the 
mid-point corresponding to the beginning of the re-
flux episode [25]. We also calculated SAP values for 
arousals and awakenings, using 2-minute windows, 
with the GER episode at the beginning of each time 
frame. This approach was used for total GER, 
NAGER, and AGER.
Numeric variables were described by median and 
interquartile range (IQR), unless specified other-
wise, while categorical variables were described by 
frequency. In order to evaluate the influence of GER 
on sleep efficiency, patients were categorized in two 
groups according to sleep efficiency, using a cutoff at 
85%. Although there is no established normal values 
for sleep efficiency for children, we chose that cutoff 
value because values lower than this cutoff are re-
garded low and associated with sleep-associated 
morbidity [26]. Thereafter, duration of reflux epi-
sodes, number, and relationship with arousals and 
awakenings were compared between the two groups 
using the Mann-Whitney test. Also, GER parameters 
during sleep time and WASO were compared with 
the Wilcoxon sign-rank test. For all statistical tests, a 
p-value ＜0.05 was considered significant. Statistical 
tests were performed with SPSS for Windows ver-
sion 16.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Demographic and baseline clinical data are shown 
in Table 1. Snoring was the most common indication 
for a PSG, and it was observed in 11/13 patients 
(84.6%). Sleep time during the PSG ranged from 268 
to 576.5 minutes (median, 377 minutes), while 
WASO ranged from 14 to 191 minutes (median, 77 
minutes). The median sleep efficiency was 81% 
(range, 67-97%), and it was lower than 85% in 8/13 
patients (61.5%). Apnea hypopnea index was 0 in 9 
patients (69.2%), while among those with AHI ＞0, 
the index ranged from 0.4 to 1.
The EPM-MII lasted for 12.1 to 24.5 hours, with 
6/13 patients (46.2%) undergoing a complete study 
(more than 20 hours). The distal esophageal acid ex-
posure ranged from 0.2 to 15.9%, with 3/6 patients 
having an abnormal pH study. A total of 111 GER ep-
isodes (100 acidic [90.1%], and 11 non acidic [9.9%]) 
were detected during sleep, while 51 episodes (48 
acidic [94.1%] and 3 non acidic [5.9%]) were de-
tected during WASO. There were significantly more 
episodes per hour during WASO compared to sleep 
time (WASO median 2.25 [0.5-4.0] vs. 0.6 [0.5-1.5], 
p=0.04).
Arousals 
The arousal index ranged from 3 to 10 (median, 6). 
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＜85% (n=8) ＞85% (n=5)
AGER, sleep time (min) 67.7 (1.3-74.7) 1.1 (0-1.5) 0.05
NAGER, sleep time (min)    0 (0-0.2) 0 (0-0.5) 0.56
AGER, WASO (min) 10.2 (1.4-0.1) 0 (0-9.3) 0.07
NAGER, WASO (min)    0 (0-0.2) 0 (0-0) 0.24
AGER, sleep time (n)  8.0 (3.0-21.0) 3.0 (0-4.0) 0.06
NAGER, sleep time (n)    0 (0-1.0) 0 (0-2.0) 0.55
AGER, WASO (n)  3.5 (2.0-6.0) 0 (0-3.0) 0.14
NAGER, WASO (n)    0 (0-0.5) 0 (0-0.0) 0.24
Reflux episodes before arousals (n) 6.0 (3.5-11.0) 2.0 (0-2.0) 0.02
Reflux episodes before awakenings (n)  5.5 (2.5-10.5) 0 (0-2.0) 0.03
Values are presented as median (interquartile range).
AGER: acid gastroesophageal reflux, NAGER: non-AGER.
Overall, a total of 40 arousals preceding GER epi-
sodes were detected in 9/13 patients (69.2%). Two of 
the 13 obese patients (15.4%) presented a positive 
RAP (reflux following arousal). 
SAP for arousals was positive in 4/13 patients 
(30.8%). None of the patients presented positive SAP 
for arousals due to NAGER. Sleep efficiency was not 
significantly different in patients with a positive SAP 
for arousals (74.5% [67.5-83.5%] vs. 83% [74-92%], 
p=0.16), but 3/4 patients (75.0%) with a positive 
SAP for arousals presented sleep efficiency lower 
than 85% (p=1.0).
Awakenings 
There were a total of 279 awakenings during the 
sleep study (median, 22 per patient; IQR, 12-26), 56 
(20.1%) of those were preceded by reflux episodes 
(55 acid and 1 non-acid reflux) in 9/13 patients 
(69.2%). Among those patients, it happened in 
9.1-36.4% of awakenings (median, 27.3%). A pos-
itive SAP was present in 5/13 (38.5%), 4 of whom had 
also a positive SAP for arousals.
The number of awakenings was higher in patients 
with sleep efficiency lower than 85% (25.5 [15.5- 
31.0] vs. 11 [11.0-22.0], p=0.04). The number of re-
flux episodes preceding arousals and awakenings 
was higher in patients with lower sleep efficiency 
(Table 2).
Respiratory symptoms 
Desaturation was detected in 8/13 patients 
(61.5%), but they were significantly associated with 
reflux in 2 (positive SAP); a 15 year-old girl with 12 
awakenings after reflux, but a negative SAP for 
awakenings and a 8-year-old boy with zero awaken-
ings following a reflux episode, but a positive re-
flux-association probability (reflux episode causing 
arousal). Cough was reported in 5/13 patients 
(38.5%), one of whom with a positive SAP for cough 
(＞95%).
DISCUSSION
The present study demonstrates that even in the 
absence of OSA, obese children may have frag-
mented sleep due to GER episodes. Sixty-nine per-
cent of obese children (9/13) had awakenings that 
were temporally related to reflux, but only 5 had pos-
itive SAP (38.5%). The vast majority of these epi-
sodes involved AGER (55/56). Furthermore, patients 
with lower sleep efficiency presented more sleep 
time acid exposure. According to our study, non-acid 
reflux does not play a role in the relationship be-
tween GER and sleep quality in obese children. This 
is consistent with the report that obese patients have 
more AGER and GERD but not non-acid reflux as 
compared to healthy volunteers [12]. Adult studies 
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showed that a painful stimuli from acid reflux can be 
associated with arousals and brief awakenings as a 
protective mechanism, generating secondary peri-
stalsis and facilitating acid clearance. According to 
other authors, acid reflux events might be associated 
with short, amnestic (i.e., patients are not able to re-
call them) arousals rather than a complete awaken-
ing [27]. 
GER-related respiratory symptoms during sleep 
were not associated with GER-related awakenings. 
Desaturations (61.6%) and cough (38.5%) were 
common, and temporarily correlated with reflux in 3 
patients, but none of the patients had a positive SAP 
for arousals and awakenings. In obese patients, sleep 
disruption with desaturations and snoring has been 
correlated with OSA [28], but little is known about 
the role of respiratory symptoms and sleep quality in 
patients without OSA. It has been previously re-
ported that while most reflux episodes related to O2 
desaturation in patients with chronic respiratory dis-
orders are related to AGER, NAGER has also been re-
ported to play a role [19]. EPM-MII may be im-
portant to evaluate the relationship between respira-
tory events and GERD because it allows assessment 
of NAGER. Although GER episodes were not related 
to subjective complaints of heartburn in our patients, 
pain associated with acid reflux may trigger arousals 
and awakenings. Poor sleep quality may also en-
hance esophageal sensitivity, making arousals due to 
pain more frequent with GER episodes because of 
hyperalgesia [20]. 
After awakening, patients presented more reflux 
episodes than during sleep time. This is an important 
piece of information, because poor sleep quality may 
impair appropriate control of GERD among those pa-
tients, as they present compromised sleep efficiency. 
A previous study has already demonstrated that in-
creased AGER during recumbent periods is related to 
awakenings in adults with heartburn [29]. That hap-
pens because during sleep esophageal motility is in-
active, but arousals may trigger transient LES relaxa-
tions [27]. Two patients in the present study pre-
sented significant reflux-association probability, 
with which we evaluated the arousals preceding re-
flux episodes. If OSA is present, it may also increase 
the incidence of reflux during sleep time due to in-
creased negativity of intrathoracic pressure asso-
ciated with increased inspiratory efforts against 
higher upper airway resistance precipitating reflux 
of gastric contents due to pressure gradient [30]. 
Recently, an adult study has shown that sleep dys-
function is associated with poor response to GERD 
treatment in patients with non-erosive disease [31].
The study has some limitations. First, the sample 
size was small, and limited to obese patients without 
OSA, a common sleep disorder in obese patients [8]. 
This limits our conclusions to a very specific subset of 
obese patients without OSA but with sleep dis-
turbances, and it impairs multivariate analysis. On 
the other hand, it allows us to focus on GER events as 
a potential variable contributing to sleep fragmen-
tation. Another important limitation is that we eval-
uated sleep efficiency with PSG, a non-ecological 
evaluation of the sleep [32]. 
Also, the sleep studies were performed and scored 
according to the 2007 AASM scoring rules, as they 
were performed before 2012. While a higher AHI 
might be expected using 2012 scoring for hypopneas 
(30% drop in nasal pressure signal) as compared to 
2007 criterion (50% drop in nasal pressure signal), 
this difference appears to be important only at high-
er AHI [33]. We would expect difference to have a 
small effect on the low AHI reported in our study 
which used AHI ＜1.5 to rule out OSA. 
Another limitation is that respiratory efforts re-
lated to arousals (RERA) were not reported in this 
study. We prefer to use apneas and hypopneas alone 
because they have the greatest association with out-
comes in the pediatric literature. The utility of scor-
ing RERAs (an option in the 2007 AASM scoring 
manual) is greater when using a hypopnea defi-
nition that does not include scoring based on 
arousals. Since we used the 2007 pediatric hypopnea 
definition, which is based on either desaturations or 
arousals, we would have missed only a small number 
of RERA events [34]. One study showed that RERAs 
were only 5% of the total number of detected events 
in adults with moderate OSA [35]. Furthermore, in-
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ter-rater reliability has not been consistent, with 
35% difference between scorers [36]. On the other 
hand, a direct measurement of RERAs using esoph-
ageal pressure measurement incorporated into an 
impedance catheter to could be an interesting ap-
proach to detect RERAs and to correlate it with GER 
episodes.
Our study shows that AGER is frequently asso-
ciated with sleep disruptions in obese children with-
out OSA. This suggests that pH monitoring alone 
(without impedance testing) would likely be suffi-
cient to clinically investigate disrupted sleep in obese 
children without OSA, since non-acid reflux epi-
sodes are uncommon during sleep and are rarely as-
sociated with arousal and awakening.
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